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Introduction
Integrated constructed wetland-microbial fuel cell (CW-MFC) system is emerging as a new hybrid technology for bioelectricity generation from wastewater treatment (Yadav 2010) . This is essentially a merger of best features of two conventional technologies namely constructed wetlands (CWs) and microbial fuel cell (MFC). A characteristic MFC consists of an aerobic cathodic zone and an anaerobic anodic zone parted by a proton exchange membrane and connected with an external electric circuit consists of an external resistance. In MFC, during wastewater treatment electricity is also generated as a byproduct. Most of the studies on MFCs so far have been limited to lab scale only (Santoro et al., 2017) . CWs run with relative low external energy requirements and are easy to operate and maintain for wastewater treatment. The upper section of the CW maintains relatively aerobic zone because of its close contact with the atmosphere. However, CWs also experience slow rate of organic matter decomposition which is due to the existence of the anaerobic conditions in the lower sections (Tanner et al., 1998) resulting in scant availability of favorable electron acceptors. The anode in the MFC technology works as a temporary electron acceptor and thus, can help in enhancement of the anaerobic treatment rate of CWs. The CW and the MFC have similar aerobic and anaerobic zones which promotes the integration of these two technologies to make an integrated CW-MFC technology.
For the advancement of the CW-MFC technology for bioelectricity generation and efficient wastewater treatment, a low-cost, efficient cathode development is highly required. It is well established that wetland plants release oxygen through their root systems (root zone) and influences biogeochemical cycles in the sediments through the effects of redox status of the sediments (Brix, 1997) . In the same context, there is a possibility of developing a cathode assisted with oxygen release from root system or radial oxygen loss and using them for cathodes reaction in CW-MFCs. In the CW-MFCs, radial oxygen based cathode development is not yet studied in details. Oon et al., (2017) has done primary work on role of submerged plant (Elodea nuttallii) on cathode development of CW-MFC. The said plant cannot be used for most popular type of subsurface flow CWs. As far authors' knowledge, this is the first work which focuses on a low-cost cathode development for vertical subsurface flow CW-MFC technology. In this study, ROL dependent and intermitted aeration dependent cathodes were established for the first time in CW-MFCs and tested for power generations in CW-MFCs along with wastewater treatment.
Materials and methods

Synthetic wastewater composition
A synthetic wastewater containing the desirable amount of glucose as a carbon source was utilized throughout the study. The wastewater composition was adopted and modified from equipped with a circular porous stone ring, which was placed just below the cathode. . In this study, average of two value from the said study (i.e 0.14 g biomass COD per g of substrate COD) is taken for carbon balance. Carbon balance was estimated by using following two equations:
Where is cell yield, is the biomass (g COD) produced over time, is the COD balance and CE is the columbic efficiency.
In order to estimate the electron balance, columbic efficiency were determined using following
Where is the total coulombs calculated by integrating the current measured at each time interval (i) over time as (4) Where R is the external resistance, T is the duration of the entire experiment; Vi is the average voltage in a time.
the theoretical amount of Coulombs that is available from glucose oxidation was calculated
Where M is a relative molar mass; b is electronic mole number produced by per mole substrate;
Ci, Ct are COD initial and final in every batch respectively; V effective volume of anode region;
F is Faraday constant. By using equation 5, carbon (biomass, removed carbon etc) is converted into coulombs. 
The percentage COD removal measured from different microcosm reflects the wastewater treatment efficiency of these microcosms. COD removal decreased at higher glucose loading in both systems as initial organic loads increases in wastewater with increased glucose loads. However, COD removal efficiency was consistently better in CW-MFC with additional IA than the CW-MFC dependent on ROL due to aerobic microbial oxidation in aerobic situation. better than open circuit operation and 27-49% better than Normal-CW for COD removal.
Bioelectricity generation
Power density and current density productions are shown in Fig. 2 and the third fast drop in the voltage at higher current shows the concentration losses. All the above described major losses can also be observed in the current study.
Conclusion
This study demonstrated that cathode reaction of CW-MFC could be efficiently performed by radial oxygen loss using a Pt-containing cathode. Excessive aeration for performing cathode reaction of CW-MFC does not have significant impact on bioelectricity generation, but it improves the treatment performance of CW-MFC. However, the comparative study indicates that artificial aeration enhances the wastewater treatment performance. Maximum power density of 31.04 mW m -3 and 78.71 % COD removal were achieved in CW-MFC with additional IA.
Similarly, maximum power density of 19.60 mW m -3 and 53.23% COD removal were also achieved in CW-MFC dependent on ROL.
Appendix A. Supplementary
The tables containing carbon balance and electron balance appear in the electronic supplementary file Table S1 and Table S 
